We address the problem of properly de ning the W propagator in the resonance region. Particular attention is paid to the longitudinal piece of this propagator. We also discuss the related renormalization procedures and the unitarity property.
There has been a renewed interest regarding the correct form of the massive gauge-boson propagators to be used in the resonance region [1] [2] [3] [4] [5] [6] [7] [8] [9] . In particular, the accuracy attained in LEP experiments regarding the Z 0 mass, has raised the question whether the extracted value of the renormalized onshell Z 0 mass 10] is gauge-dependent in higher orders of perturbation theory 1, 4, 5] . Thus, it was proposed 1,2,4,5] to return to the de nition of the mass and width of the resonance in terms of the real and imaginary parts of the pole position of the amplitude. On this side, it has been shown 1,4,5] that a Laurent expansion around the complex pole, provides a systematic way to maintain the gauge-invariance of the amplitude at any order of perturbation theory.
The situation concerning the W ; Z 0 bosons has been also discussed in references 3, [7] [8] [9] . In some sense, the W case is less complicated as far as e ects related to the Z mixing are not present; however, thepiece in the W propagator can have important e ects, in contrast to the Z 0 case which usually appears coupled to light fermions. For instance, since m t > M W +m b one can easily realize from references 8, 9, 11, 12] that the correct form of the W propagator, and in particular of thepiece, is important in order to assess the size for the CP asymmetry arising from interference e ects between two top quark decay diagrams, one containing a resonant W propagator and the other involving a CP violating phase.
In 9] pointed out that our argument is not consistent, because the electromagnetic Ward identity used in our paper seems to involve the propagators and the WW vertex at di erent orders.
By using a general -gauge we show in this paper that, when taken at lowest order, the renormalized W propagator obtained from the Dyson summation indeed reproduces the resonant form suggested in refs. 3, 7, 8] . This result is obtained from the renormalized propagator through its Laurent expansion around the pole position; the non-resonant terms arising in this expansion are shown to be explicitly of higher orders in the relevant coupling constant. We also address some comments on renormalization and unitarity.
Let us start by setting our conventions. In the general -gauge, =1 
where the Eqs. . Observe also that in order to correctly drawn the (lowest order) resonant propagator from the renormalized one, it is essential to extract the wavefunction renormalization constant Z.
(ii) The term inside the curly brackets in Eq. (12) . The above expansion reproduces the on-shell renormalized mass, Eq. (13), and the unitarity relation (14) when taken at leading order; note however that unitarity is a relation exactly valid order by order. It should be noted also that M 2 W above denotes the real part of the pole position and not the renormalized mass in the on-shell scheme.
(iv) Finally, the unitarity and mass renormalization relations of ref. 8] are obtained by using Eq.(3c) and the leading order expressions for Eqs. (13, 14 
In the unitary gauge ( = 1) we recover Eq. (1).
We have shown that this propagator is the leading term in the expansion of the renormalized propagator around the pole f Appendix A In this appendix we discuss the relationship between the wavefunction renormalization in the on-shell scheme 10] and the corresponding quantity when we x the pole in the propagator in the S-matrix pole scheme 1,4].
For de niteness we consider the complete propagator for an scalar particle. 
where g is the relevant coupling constant of the scalar particle to the particles involved in the 1PI graph. The previous exercise shows that a complex wavefunction renormalization constant is naturally obtained when the imaginary part of the propagator is taken as a constant. In contrast to the real renormalization constants in the on-shell scheme 10], the requirement of a de ned S-matrix pole in the propagator as in Eq.(A6) naturally involves a complex wavefunction renormalization constant.
